Background Recent population survey has shown a preference for transumbilical laparoendoscopic single-site surgery (U-LESS) compared with natural orifice transluminal endoscopic surgery (NOTES) for cholecystectomy, assuming similar surgical risk. This study was designed to evaluate the perception and preference of women regarding conventional laparoscopy, U-LESS, and transvaginal NOTES (TV-NOTES) with particular interest to access perception. Methods An anonymous questionnaire on laparoscopic, U-LESS, and TV-NOTES cholecystectomy, without regards to risks or advantages, was given to female medical/paramedical staff (n = 100), patients (n = 100), and the general population (n = 100). Women participants (median age, 35 (range, 16-79) years) were queried about preference, perception of the different accesses, and personal informations. Of the respondents, 54% had children, 79% had stable relationships, and 96% were sexually active (vaginal intercourse).
infertility (23%). Transumbilical access evocated worries in 35%: umbilical pain (19%), postoperative umbilical sensibility (15%), and incisional hernia (11%). Postoperative intercourse abstinence after TV-NOTES evocated worries in 76% (defined as 3 weeks in survey): feel less attractive (40%), less feminine (32%), tension with their intimate (35%), lover non-acceptation (20%), possible abortion of new relationship (26%), and feel less comfortable socially (16%). Conclusions The high acceptation rate for U-LESS approach compared with TV-NOTES may be related to fears regarding postoperative sexuality and fertility. The importance of temporary postoperative sexual abstinence (vaginal intercourse) is high and may be difficult to influence. Future research on TV-NOTES should focus on the access risk to be able to scientifically reassure our patients. For now, U-LESS seems to be favor compared with TV-NOTES for cholecystectomy in female patients.
Keywords Laparoendoscopic single-site surgery (LESS) Á Single port access (SPA) Á Single incision laparoscopic surgery (SILS) Á Laparoscopy Á Natural orifice transluminal endoscopic surgery (NOTES) Á Cholecystectomy Á Survey Á Trans-vaginal Á Sexual intercourse Á Abstinence As laparoendoscopic single-site surgery (LESS) continues its diffusion worldwide as a possible future evolution of standard laparoscopy, natural orifice transluminal endoscopic surgery (NOTES) still struggles with limitations related to its accesses [1] [2] [3] [4] . However, transvaginal NOTES (TV-NOTES) is sometimes viewed as a particular natural orifice access, mainly because, as transparietal surgery, it is a transepithelial access and allows use of conventional laparoscopic instruments [5] . Thus, TV-NOTES has recently been shown to be applicable clinically, at least technically [6] . But many ethical issues remain to be solved regarding this access and scientific knowledge about the real and potential risks of this approach needs evaluation [6] [7] [8] . In contrast, few ethical issue have to be overcome in transumbilical LESS (U-LESS), and the potential or real risks of this approach are known, thus allowing clinical research to focus on potential advantages and risk quantification [3, 9, 10] .
However, if scientific knowledge regarding safety, curability, and enhanced recovery has ethically to be our main concern regarding development of surgical techniques, we should remember how laparoscopy was pushed forward by patients demand and surgeons' acceptance without any scientific demonstration of superiority [11] [12] [13] . Evaluation of patients' perception and interest for minimally invasive surgery at this time would have allowed the surgical community to control its development and diffusion allowing safer evolution from open surgery to minimally invasive surgery respecting the principle of ''primum non nocere'' [14] .
Having learned from the laparoscopic revolution that patients' demand may be one major trigger for surgical evolution, our goal in this work was to investigate women's perception and preference for cholecystectomy between conventional laparoscopy, U-LESS, and TV-NOTES. This question is critical because it may help us to better project surgical research, technical development, and investment regarding the emerging approaches [12] .
Methods

Survey development and structure
The investigators (PB, SO) developed the survey (Addendum 1). Elements of the questionnaire included age, educational status, profession, experience of prior surgery, children, marital status, and sexuality. Eight questions regarding perception of different approach for cholecystectomy (laparoscopy, transumbilical LESS or transvaginal NOTES) were submitted. Surveyed woman who preferred transumbilical LESS or transvaginal NOTES were questioned for reasons of their preference and eventual concern on accesses.
Survey population
This study was a cross-sectional survey of preferences for the technique of cholecystectomy, during a 12-week period, of women. Female investigators directly contacted a sample of medical staff and paramedical staff, patients, and general population women. Medical staff responders were university surgeons, internists, and anesthesiologists. Paramedical staff responders consisted of nurses, scrub nurses, and paramedics from university hospital. Patients were collected in the visceral surgery unit, whereas the general population persons surveyed were approach through street interviews. Medical/paramedical staffs and patients were collected in a public hospital. Possible participants from the patient and general population group, which had a medical-related profession, were not included in the survey. The study excluded patients who required emergency surgery, women younger than aged 16 years, and those unable to read and complete the questionnaire.
Survey information
No information on the concept of laparoscopy, transumbilical LESS, and transvaginal NOTES were provided to women surveyed except a description of access together with a drawing illustration possible scars. Operative risk was stated to be similar among surgical approaches. No information about risks, advantages, or scientific knowledge of these techniques was exposed. The possible access referred to LESS was the umbilicus. The orifice referred to NOTES was the vagina. For the last three questions, it was stated that transvaginal NOTES cholecystectomy would imply a vaginal intercourse abstinence of 3 to 6 weeks. These questions investigated the importance of vaginal intercourse abstinence and which technique they would choose knowing that transvaginal may imply this abstinence.
Survey conduction
Participation in the study was voluntary and there was no reward for participation. Surveyed woman were then offered the female investigator (SO) to complete the anonymous eight-question survey in French. Surveyed women were allowed to complete the questionnaire at the time of distribution or to return it later. For some questions, multiple responses were allowed, (i.e., reason for scarless choice, worries regarding accesses, worries regarding vaginal intercourse abstinence), allowing a total of[100%.
Survey sample size
Based on recent population surveys, we assumed that more than 75% would choose the scarless approach [10, 13] . To know whether this proportion was significantly different from the 50% distribution required a sample size of 65 per groups (medical/paramedical staff, patient, and population samples), with an alpha of 0.05 (2 tailed) and a power of 80%.
Survey statistics
Categorical variables were reported as frequencies and percentages and were compared by the Chi-squared or ANOVA test. P \ 0.05 was considered clinically significant. Analysis was conducted by using GraphPad InStat, version 3.1a for Macintosh (GraphPad InStat, San Diego, CA).
Results
Survey respondents
Surveys from 300 women participants were collected, including medical/paramedical staffs (n = 100), patients (n = 100), and general population sample (n = 100). No Addendum 1 Female perception of laparoscopic, U-LESS, and TV-NOTES cholecystectomy survey significant demographic differences were observed between the three different groups except for education level (e.g., university studies were more frequent in medical/paramedical staffs) and medical professions were only represented in the medical/paramedical staff group. Median age of women participants was 35 (range, 16-79) years and 54% had children. Among survey responders, 79% had a stable relationship and 96 were sexually active (i.e., vaginal intercourse).
Surgical approach preference
When responding to the question of a hypothetical cholecystectomy with the same risk among different techniques, 87% of the women would opt for U-LESS approach, whereas 4% would prefer TV-NOTES, and 8% laparoscopy. These rate where not influence by having children with a 6% preference rate for TV-NOTES compared with 3% for nulliparous women (P = 0.415).
If the necessity of postoperative vaginal intercourse abstinence was taken into account as well as a hybrid approach for TV-NOTES, women preferences were: 89% for U-LESS, 9% for laparoscopy, and only 2% for hybrid TV-NOTES. If they had to choose only between hybrid TV-NOTES with sexual abstinence and U-LESS, 99% would choose the second. Age, education, profession, marital status, children, and sexuality did not influence these results.
Reasons for scarless surgery (i.e., U-LESS and TV-NOTES) preferences were: reduce scarring (82%); potentially reduce pain (34%); innovative techniques (5%); and various others (2%).
Transvaginal access
The possibility of transvaginal access evocated worries in 96% of the women participants. The most frequent was fear of pain during vaginal intercourse after TV-NOTES cholecystectomy for 68%, whereas for 43% decrease vaginal sensibility postoperatively was feared. Twenty-three percent had worries about eventual infertility and 6% about eventual sterility. Fourteen percent had various other worries, such as non-healing, infection, prolonged vaginal discharges, and abscesses. Of importance, 62% of the women surveyed thought that it is a too intimate access for cholecystectomy. These results were not influenced by education, profession, or marital status. However, having children and age older than 45 years was associated with a decrease in fears of infertility or sterility (p \ 0.05 and p \ 0.001, respectively).
Transumbilical access
A transumbilical access interestingly evocated worries in 35% of women responders. Nine percent thought it was a too intimate access. The most common worry was postoperative pain (19%), followed by possible decreased sensibility (15%) and risk of incisional hernia (11%). Two percent pointed out various others concerns, including umbilical deformation. Age, education, profession, marital status, children, and sexuality did not influence these results.
TV NOTES and postoperative intercourse abstinence TV-NOTES cholecystectomy and its related temporary postoperative sexual abstinence (vaginal intercourse) were associated with worries in 76% of women surveyed. Age, profession, education, marital status, and sexuality did not influence this rate. The different worries are summarized in Table 1 . Although these worries illustrate the potential impact of transvaginal access and vaginal intercourse abstinence on the psychological health of women, these rates are not influenced by age, education, profession, marital status, and children, except for fear regarding abortion of a potential new relationship, which was significantly higher in women who did not have children (p \ 0.01) or were not involved in a stable relationship (p \ 0.001). On multivariate analysis, this rate was only influenced by the absence of a stable relationship.
Discussion
The present survey evaluated women's preference between conventional laparoscopic, U-LESS, and TV-NOTES cholecystectomy provided similar risks are achieved. The majority of participating women would favor transumbilical LESS (U-LESS) for cholecystectomy. The large adoption of this form of scarless surgery may result from the place of cosmesis in our society, the importance of body image, and women concern regarding integrity of a sexually and reproductive major organ, such as the vagina [15, 16] .
The medical community often does not consider the impact and importance of public opinion on their practice [12, 17] . Changes in clinical practice are conceived on the basis of scientific or technologic advance. Despite this, outside forces including economics, interspecialty politics, expert (or specialist) opinion, industry marketing, and public demand can have a tremendous impact on the adoption of new procedures [11, 17] . Development of laparoscopic cholecystectomy was introduced by a small number of pioneers, soon followed by the surgical committee in answer to public demand and industry marketing, whereas no scientific evidence could at this time support this change [11, 18] . Having learned from the laparoscopic revolution that patients' demand may be one major trigger for surgical evolution, we have to foresee the impact of surgical innovation in the community to prepare the future of minimally invasive surgery not just following patients demand and its related industrial and medical marketing [19] . As innovations progress in minimally invasive surgery, the concept of reducing parietal trauma has gained importance and different approaches of reduced port surgery have developed. LESS has rapidly reemerged clinically and has a reduced port laparoscopy from the darkness of so-called ''single wound laparoscopy'' of the 1990s [20, 21] . In parallel, NOTES, emerging since 2004, has struggled with technical limitations, except for the transvaginal access, which is emerging clinically because it can be performed using conventional or slightly adapted instrumentation. Whereas U-LESS aimed at reducing parietal trauma, besides arguing that a slightly larger umbilical incision may be more deleterious compared with numerous, TV-NOTES reduces parietal trauma at the cost of a healthy organ trauma-the vagina. We will not discuss the risk of vaginal culdotomy in this article; however, we should remember that this approach is not without risk-risk of abscess, fistula, transvaginal evisceration, dyspareunia, pelvic adhesion, etc.-which all have to be quantified for working culdotomy, implicating vaginal wall forces during cholecystectomy with multiple transvaginal ports. Because we are only starting to evaluate the potential risks and advantages of these innovative approaches, it seems wise to investigate the perception of U-LESS and TV-NOTES in the female population.
Numerous reports, mainly from the United States have shown conflicting results regarding the preference of TV-NOTES over laparoscopic cholecystectomy [22] [23] [24] [25] . These discrepancies in TV-NOTES preference may, at least in part, be explained by methodological bias in the survey used, which could have influenced women's responses [24] . A recent Australian survey has shown low acceptance rate of TV-NOTES-25%-compared with laparoscopic cholecystectomy [26] . However, in none of these surveys the possibility of U-LESS cholecystectomy was evocated to participants. Interestingly in a Central European Survey, when U-LESS approach was offered to male and female participant besides laparoscopy and NOTES, the rate of preference for NOTES was only 15%-75% for LESS and 9% for laparoscopy [13, 16] . The preferred access for NOTES in this survey was the transgastric approach, confirming previous data from U.S. surveys [10, 13, 15, 22, 27] . The present survey, evaluating women preference between conventional laparoscopic, U-LESS, and TV-NOTES cholecystectomy, shows a strong favor to the U-LESS approach, with 87%. The good perception of these new approaches is related to an interest in scarless surgery among the participants. The main reason of U-LESS and TV-NOTES choice is decreased scarring for 82% followed by potentially better pain profile only reaching 34%; these results confirm previous reports [13] .
However, the choice between U-LESS and TV-NOTES seems to be influenced by women concerns regarding accesses and their related perceived risk. Worries concerning transvaginal access are by far more frequent than those related to transumbilical access (76% vs. 35%; p \ 0.001). Moreover, worries of transvaginal access may be psychologically more important regarding patients quality of life (i.e., dyspareunia, decrease vaginal sensibility, infertility, etc.). These results confirm previous Australian reports [26] . Fear regarding potential infertility and sterility were statistically more important in nulliparous women. If these worries are confirmed by scientific data remain to be evaluated in the purpose of transvaginal nongynecologic surgeries. In this regards, the recurrent ''scientific'' argument showing the absence of transvaginal access consequences (i.e., dyspareunia, fertility problems, etc.) based on gynecologic condition surgeries (hysterectomy, oocytes procurement, etc.) [24] may not be adequate [8, 13, 28, 29] . Although these worries may be disregarded in accordance with reassuring scientific data, one concern may be difficult to overcome: the need for vaginal intercourse abstinence after culdotomy and its psychosocial consequences. Vaginal intercourse abstinence is mandatory, according to the experience of gynecologic surgeons, after culdotomy [29] . This abstinence varies in duration from 3 to 6 weeks, in case of normal healing after culdotomy for gynecologic pathology as reported for TV-NOTES cholecystectomy [15, [30] [31] [32] . In this regard, the present survey clearly illustrates that this requested abstinence is considered as important for more than three quarter of the women. Moreover, this abstinence is related to important psychosocial worries, which might influence postoperative quality-of-life after TV-NOTES cholecystectomy. Interestingly, some of these concerns are related to difficulties in established relationships or eventual new relationships due to fear of partner incomprehension. This requested abstinence, due to its potential psychosocial and quality-of-life influence, may be in conflict with one of the fundamental goals of minimally invasive surgery: the enhanced recovery. Thus, avoiding scars and decreasing parietal trauma may, due to ''injury'' of a sexually and reproductive important healthy organ-the vagina-overcome the potential benefit of TV-NOTES through increased access risk and quality-of-life impact [8, 15] . All of these issues will have to be evaluated in future research on TV-NOTES because our patients already have concerns about these issues [8] . Women clearly showed in this survey that when taking into account the fact that TV-NOTES is mainly hybrid NOTES and implies postoperative vaginal intercourse abstinence, 99% would choose the U-LESS approach as a scarless approach.
The authors recognize several limitations of this study. The sample size is limited and the survey was not evaluated for validity or reliability. This is a very rapidly progressing field and the time required to validate a questionnaire could be excessive for the purpose of this study [2, 13] . It should be noted that the results of this survey only provide a rough overview for a distinct geographic area and have several limitations with regard to the extent of explanation for participants, participant understanding of the procedures, and the meaning of risk. However, one of the major strengths of this study is its heterogeneous population. Importantly, this study is the first to investigate women population feelings on U-LESS and TV-NOTES cholecystectomy-two possible evolutions of laparoscopic cholecystectomy in the near future.
Finally, we stress that we do not regard cosmesis or psychological factors as more important than safety in surgery. However, despite the limitations of these data, we believe that, even in the absence of other advantages of U-LESS, population interest for this developing approach is an important rationale for further research and investment in this field. This implies for surgeons and surgical societies to improved feasibility, safety, and training and mentoring of U-LESS cholecystectomy.
Conclusions
The high acceptance rate for the U-LESS approach compared with TV-NOTES may be related to fears regarding postoperative sexuality, sociability, and fertility. The importance of temporary postoperative sexual abstinence (vaginal intercourse) is high and may be difficult to influence. However, this issue may be related to cultural factors and may explain the difference in acceptance rates of TV-NOTES among different regions. Future research on TV-NOTES should focus on the risk of postoperative access morbidity and consequences in the setting of nongynecologic surgeries to eventually be able to reassure our patients. For now, U-LESS should be favored compared with TV-NOTES for cholecystectomy in female patients. This should influence us to improve the feasibility and safety of LESS. This will allow us to respond to the potentially large demand without disregarding the principle of ''primum non nocere.''
